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Factors Governing Different Types of Precipitation. 

The question of just what causes precipitation in general, and what 
causes & particular type of precipitation has interested man for many ages 
and will probably always interest him since man's prosperity, contentment 
and in most cases his very existence depends on the fall of precipitation 
of favorable type and quantity. 

In considering precipitation the following classifications are suggested:- 
A. Classification according to the form end appearance of the im ividual 
particles, ie, morphologically, as rain, snow, sleet, hail, etc. 
Be Classification es to air mass conditions, or combined frontal and air mass 
conditions, which cause the lifting and cooling which finally result in precipita- 
tion, such aS:- 

1. Air mass conditions. 

@-e Potentially instable, becoming instable. 

le Shower type precipitation caused by convection due to surface 
heating alone sufficient to initiate free convection to the 
ice crystal level. 

Le Precipitation from thunderstorms caused by convection due 
to surface heating alone sufficient to initiate free convec- 
tion. 

Se Shower type precipitation caused by orographical lifting 
sufficient to initiate free convection. 

4e Precipitation from thunderstorms caused by orogrephical 
lifting sufficient to initiate free convection. 

be Stable air mass, remaining stable. 

1. Precipitation caused by sufficient orographical lifting 

either to reach ice erystal level or to cause sufficient 


condensation to produce precipitation. 


i. 


ll. Frontal Conditions. 


ae Viarm front or cold front precipitation involving stable air. 


le 


De warn 


Warm front type - steady precipitation. 


Cold ® i ft 2 
Warm " " © occlusion - steady precipitation. 
Cold front type occlusion - " "7 


Pre-frontal orographical precipitation. 
front or cold front precipitation involving unstable air. 
Warm front type intermittent precipitation. 


Warm front type thunderstorm precipitation. 


Cola * " showery nt 
Cold * " thunderstorn " 
Wern ° " occlusion showery type precipitation or 


thunderstorm precipitation. 
Cold front type occlusion showery type or thunderstorm 


type precipitation. 


A further classification of precipitation from the standpoint of intensity 


may be made, the various degrees belng mist, drizzle, light, moderate, or heavy, 


etc. The factors which determine the intensity and duration of precipitation 


will: be discussed later. 


A survey of the problem of factors governing different types of precipite- 


tion soon reveals that investigation of the formation of different morphological 


‘types of precipitation is handicapped by: 


1. Searcity of sounding date for immediately before, during, and after the 


formation of a morphological type, and at the precise level where the 


precipitation is forming. 


2. Lack of observations taken in the very turbulent regions of thunder- 


storms due to the danger to airplanes of the severe turbulence. 


Vertical velocities over 100 meters per second must have been required 


to support some hailstones which have fallen. 
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The degree of accuracy of instruments usually carried aloft is not up 
to laboratory standards. ‘This 1s especially true of the hair hygro- 
meter which, as is well known, gives erroneous readings at low tempera- 
tures. 

At present only a confusing maze of theories, many based on laboratory 
and other experiments, however, exist for the explanation of the forma- 
tion of raindrops from the condensation on fine nuclei in the air and 


for the explanation of the formation of snowflakes and large rain drops. 


Following is a brief summary of some of the theories concerning the formation 


of raindrops. 


Bennett (1) concludes that:- 


ist. 


2nd. 


Srd. 


The nature of the nuclei of condensation. 

Considerable doubt still exists concerning the nature of the nuclei of 
condensation in the air. Microscopic examination of nuclei found in 

fog particles reveals singly refracting crystals, presumably of sulphates, 
chlorides, nitrates and chloride salts. Experiments by Wigend and Boylen 
seem to show that ordinary dust particles do not act as nuclei, even in 
@ supersaturated atmosphere. Presumably it is only the water soluble 
salts which act as nuclei, either dry or in the form of solutions or 
hydrates. 

The source of nuclei - two possibilities - the sea and smoke. 

The properties of the nuclei. 

If the water vapor pressure which they exert in the zone of atmosphere 
immediately surrounding them is less than in the atmosphere in generel, 
water will tend to condense on the nuclei; if it is greater, water will 
tend to evaporate from the nuclei. If water is present, its vapor 
pressure will differ from the vapor pressure over a plane surface of 


pure water due to three effects, namely (1) the convex curvature of a 
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drop (hence the size of a drop effects the vapor pressure) a drop of 
pure water of radius 107° cm and temperature 10° C would have e vapor 
pressure of 1.2 per sent above saturation over a plane surface, and a 
drop of 107 om, 12-7 per cent above. (2) The presence of the salt 
in solution would lower the vapor pressure. (3) An electric charge 
on the nucleus will decrease its vapor pressure. Thus if a nucleus 
in equilibrium with an atmosphere of given relative humidity were to 
increase in size, two opposing forces would come into play and it seems 
impossibie, in a particular case, to say whether or not the resultant 
tendency would be for the vapor pressure to rise and hence for the drop 
to revert to its original size. 
(1) M. G. Bennett: Quarterly Journal of the Royal Meteorological 
Society. Vol. LX No. 253 Jan. 1934. 

The preduction of raindrops. 
By Stoke's Law the Velocity (em per second) of falling droplets varies 
with their radius (cm) as follows:- V = 1-21 x 10°r* where r = the radius 
a@ the drop in cm. Hence small fog droplets fall so slowly that they 
may seem almost permanently suspended, and even incase of larger cloud 
droplets a current of air rising with a fairly small velocity can main- 
tein them at a constant height or even carry them aloft. Consider then 
how the larger drops, which fall out as precipitation, are formed. 
As Simpson (2) pointed out:- 
(1) The nuclei may grow continuously by condensation only to a certain 
definite size depending largely on the type of nuclei. 
(2) Only drops of the same salt solution may unite. 

Bvidence for abandoning the belief that drops may grow con- 
tinuously in increasing reletive humidities up to the maximum possible 


size of raindrops has not yet been produced. 


whe 


The agencies which seem to affect the coagulation of fog or stratus 
particies into rein sagem to bat- 

(1) Turbulence - which tends to force drops together mechanical ly. 
(2) The viscosity of the air - which permits larger droplets to fall 

faster than small ones and to overtske and collide with then. 

(8) The electric force of repulsion when the drops carry like charges tends 
to prevent coagulation of drops. 

(2) G. C. Simpson, Brit. ass. Adv. Seci., Leicester Meeting, 1933. 

A theory of Humphrey's (3) whieh is well known regards the formation 
of raindrops as due to "selective filtration” of the nuclei by the sinking 
of nuclei relative to the air after water condenses on them so tmt as the 
air is lifted higher fewer snd fewer nuclei remain, and consequently the 
remaining moisture condenses in larger and larger drops on the rm aining 
nuclei. 

(3) W. T. Humphreys - Physics of the Air (1929) pages 264 and 265. 

Bergeron (4) favors the ice erystal theory. Briefly, this theory 
states the mechanism for the formation of precipitation in cumulo - nimous 
clouds is that ice erystels from the top of the cloud drop down into the 
water part of the cloud. The small water droplets gather over the ice 
erystais and form raindrops, however, if the water in the cloud is under- 
cooled, then the ice crystals gather under~-cooled droplets which immediately 
freeze into snow or ice. The latter case will be discussed in more detail 
in connection with the formation of snow or hail. 

The ice crystal theory is plainly not applicable to drizzle and other 
light precipitation from stratus and streto~-cumulus lying well below the ics 
erystal level and when prolonged over a periai of about a day the quantity 
of rainfall from these sources can become fairly large. 


A theory of the formntion of raindrops and snowflakes which has never 
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been completely disproved is that of Pick (5). It is that ascent of air 
(accomplished by eny means) is accompanied by expansion and cooling. When 
the dew point is reached, condensation otcurs on the nuclei present. The 
droplets formed at first are very small, probably of the order of 0.002 mm. 
and thus they are carried upwerd with the rising air. Further ascent means 
further cooling and more condensation of weter on the drops. ‘hen the 
diameter reaches 0-2 mm, the drops are felling relative to the alr at the 
rate of about 1 meter per second which is more rapid than air currents 
normally rise and thus precipitation occurs from the cloud. 

When cendensation oceurs only after the freezing point is reached, the 
water vapor condenses, first, into liquid drops of sub-eooled weter which 
erystalize afterward. Once the first crystals are formed, further condensa- 
tion takes place, but now the vapor condenses directly into the solid form 
without going through the intermediate licuid stage. Tnis water vapor 
erystalizes into hexagonal form and snow flakes are formed of one or more 
erystals. Simpson's conclusion (6) that sub-cooled water exists at much 
lower temperature then is generally thought possible wes arrived at from a 
Jiedy fogs and iridescent clouds seen in the Antaretic. He describes an 
occasion on which he wae enveloped in a fog during sunshine. The surface 
temperature was - 21°F. A white bow appeared, similar to a rain bowe His 
conclusion is that the effects observed in the form could only be produced by 
the refraction of light by sma)l spheres and that therefore super-cooled 
water droplets must huve been present. 

(5) wW. H. Pick - A Short Course in Blementary Metecrolegy 1920) 
(6) G. He Simpson - Guarterly Journal of the Royal Meteorological Society. 


Vol. 38 Page 291 (1912). 


He then states that a similar chemical condition is frequently found in 
which “when a new phase which is finally solid, moekes its appearance suddenly, 
whether from vapor or solution, it appears first as a liquid and it may run 
through many intermediate (labile) forms before reaching its final solid form. 
Sulpher, for instance, forms globules, whieh crystallize later." 

Before proceeding further it is advisable to consider the stability of the 
atmosphere ana the factors affecting it. 

The degrees of stability in the atmosphere and the manner in which it is 
altered 1s very important to the formation of precipitation since the degree of 
stability of the atmosphere contributes materially to the production of turbulence 
and vertical convections. 

The effects of lifting or sinking, convergence or divergence of air msss 
leyers are:- 

Por 9 stable layer; 

Whether the layer be saturated or unsaturated, lifting decreases stability, 
but can never cause the layer to become unstable; sinking inereases stability. 


Divergent flow increases the stability of a stable layer, increases the 








instability of an unstable layer, dry or saturated. 

Convergent flow decreases stability. of a stable layer and decreases the 
instability of an unstabls layer, dry or saturated. 

For unstable sin; 

Lifting decreases the Instebllity before saturation but increases it after 
saturation. — 

Sinking increases the instability before saturation but decreases it for a 
saturated layer. 

For potentially unstable air; 

The effects of lifting and sinking are naturally the same as far stable air 
before saturation and the same as those fer unstable alr efter saturation. 
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Morphological Types a Precipitation. 

Mist consists of gentle precipitation of moisture particles berely 
larger than fog particles. Its intensity of fall in millimeters per 
hour is of the order of 0.05. 
Mist may fall from low level stratus or strato-cumulus clouds in case 
of gentile lifting and turbulence, or it may be the result of partial 
evaporation in the lower levels of the atmosphere of snow or light rain 
falling from higher clouds especially alto-stratus. The sounding for 
Yurfreesboro, Tenn. for 9 February, 1937, (page30) illustrates mist due 
due to the latter reason. This sounding shows en alto-stratus overcast 
condition from 2860 to beyond 3990 meters. From 3990 to 3500 meters 
leing conditions prevail, from 2220 to 1800 meters is the snow region, 
from 1800 to 1080 meters is a region of light rain, from 1080 meters 
to 700 meters only light mist prevails due to the partial evaporation 
of the falling light rain. Below 700 meters no precipitation is occurr- 
ing as yet since the mist is completely evaporated below this level. Of 
course, with the continuation of the precipitation from higher levels 
(due to overrunnihg of warm moist air over a warm front) the mist soon 
reached the surface and was closely followed by light to maierate rain. 

Mist originating from stratus or strato-cumulus clouds is much nore 
common than that due to partial evaporation of light rain or snow from 
higher levels since usually the evaporation process is either so complete 
that no precipitation of any kind reaches the surfece or the evaporation 
process 1s so ineffective that precipitation of particles of lerger size 
than mist occurs. 

Mist is usually caused by a marked onshore drift of warm, moist but 


fairly stable maritime air, acm mpanied by gentle lifting and turbulence. 
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Mist generally occurs at night, especially soon after sunset. The effect of 
radiation from the cloud top is to cool it and thus to increase the lapse rate 
and cause some instability. Mist or light drizzle may result also from the sudden 
formation of lower cloud systems in Poler Continental air in winter, due principally 
to the gradual lifting of this air in the convergent zone near a front Polar Con- 
tinentel air in winter has very high reletive humidities and very little lifting 
is necessary to saturate it. If this lifting occurs at night then cellings and 
visibilities will drop very rapidly due to the mist or drizzle. 

(2) Drizzle consists of small droplets of the order of 0.2mm in diameter 
which are so numerous that they seem to f1ll the air. Drizzle usually falls fairly 
gently; its intensity of fall being about 0.25 mm per hour. Like mist it may be 
due to partial evaporation of precipitation from higher stratus or strato-cumulus 
levels but it usually falls from fairly thick stratus or strato-cumulus clouds. 
Like mist it is usually caused by advection of a rather thick layer of warm, moist 
but fairly stable maritime air, accompanied by lifting due to convergence or to 
orographical causes with sufficient turbulence to cause the c)oud particles, 
especially those in the lower and denser part of the cloud, to coalesce due to 
mechanical forces causing collisions. 

It seems reasonable to believe that the size of the droplets will depend 
largely on the thickness of the saturated layer and on the amount of turbulence 
agitating it. It would thus appeer thet drizzle or light orographical rein in 
stable air is a function of the thickness of a stratus or strato-cumilus layer 
and the degree of turbulence within it. In the case of non-orographicel mist or 
drizzle the stratus level is usually lower, the clouds thinner, and the lifting 


and turbulence less than in the case of light orographical precipitation. 


The fect that almost any light rain is called drizzle by many observers 
sometimes renders it difficult to judge whether or not a station reporting 
drizzle is in the warm sector of a nearby cyclone. 

The following table represents the distinctions between certain different 


types of precipitation lergely from the standpoint of intensity of fell. 


Air Density at 0% and 988 mebe 





Milligrams Height 
Diameter Terrinal of Liquid feter of Cioud 
intensity of Drops Velocity in Cloud Above Surface 

YODULGE? name Mene/hr- Sot o rey Ctl. Hever Be ters 
Pog Trace 0.01 0.003 §.0 0 
Mist 0.05 0.3 6.25 65.5 100 
Drizzle 0.265 0.2 0.75 02-6 200 
Lte Rain 3.00 645 2200 138 «9 600 
Wood. Rain 4.00 1-00 $00 £77 8 600 
Heevy Rein 16 .00 1.5 5 oO 335.9 1000 
Excessive Rain 40.00 el 6.00 1851.9 1200 
Cloudburst 160.00 Se 700 540] 4 1200 


6 0 8.00 


As can be seen from the table, raindrops vary in size from about 0-45 to 
about 5.0 mm. Various theories for the manner of formaticn cf reindrops heve been 
given. Jt appears thet some of the theories are more arplicable to light, small 
@rop precipitation from well below the ice crystrl level while others involving 
the lee crystel theory account more perfectly for the formation of lerze drop 
prec initation. 

The chief requirements for the formation of rein instead of some frozen tyre 
of precipitation is that the condensation level lie well below the ice crystal 
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accelerated rising vertical currents not continue very far beyond the ice crystal 
level. 
The steps in the formation of rain of the smaller sizes of droplets which 
are still larger than drizzle droplets seem to be orogrephical or other lifting 
of fairly stable but moist air, the formation of thick stratus or straro-cumlus 
clouds and feirly active turbulence within the clouds. As stated previously it is 
believed thet the size of the drops depemi on the amount of lifting, the thickness 
and density of the clouds formed, and the degree of turbulence in the clouds. 
(4) Snow consists of precipitation in the form of flekes consisting of one 
or more ice crystals which form an infinite variety of patterns. If snow falls 
wnen the temperature is comparatively high, large wet flakes fall since some melt- 
Ing is taking place; with lower temperature,the flakes are smalbr and dryer. 
Conditions favoring the fall or snow are: 
(a} The ice crystal level close to the ground or temperatures below 
freezing at the ground, and (b) condensation not occurring until above 
the ice crystal level, and (c) moderate to strong turbulence in the cloud 
regione With temperatures near the ground much above O°C any falling 
snow will melt and the precipitation willbe in the form of rain. In meny 
cases the temperatures near the ground are high enough to melt and 
evaporate the snow and rain unless the specific humidity within the cloud 
is high enough and the condensation level fairly iow. Sheets of falling 
snow and rain which never reach the ground ere occasions! ly observed in 
the sky. 
The conditions aremest easily met (a) by frontal conditions involving 
two poler alr masses in winter, such as air masses of Polar Pacific and 
Polar Continental origin, or (b) by instability set up in a Polar Pacific 
or Poler Continental air mass in winter or early spring by orographical 
lifting, especially if the sir mass has had recent water trajectory as in 


the case of fairly fresn Poler Pacific air lifted es it flows Inland ynto 


~~ 


Washington and Oregon, or in the case of Polar Continentel air after 
passege over the Great Lakes which heats the alr slightly and adds 


moisture to the lower levels. 


HAIL 





(5). wail ‘is generelly divided into two classifications: soft hail, or 
"“eraupel", and hail, meaning hard hail. "Graupel" consists of semi-transparent 
lumps composed of a soft core of white ice or granulated snow end a thin hard 
coat of clear ice. They are usually round, but sre sometimes conical. They 
ere fairly hard but can be compressed between the fingers to some extent. 
"Graupel" frequently occur along with raindrops for reasons which will be dis- 
cussed later. Hail, ie, mrd hail, is of the seme construction es soft hail 
except that it has many layers of clear ice around the same type of core. 
Aetually, as will be seon from a consideration of how hail is fone. there is 
en infinite degree of variation in hailstones, simply depending on the number 
of alternate layers of cleer ice and soft ice or snow around the core. 

For the formation @¢ hail the chief requirements are:- that vertical 
velocity somewhat greater than that required to hold raindrops aloft must axist 
at the ice crystal level, that condensation occur below the ice erystal level 
and that the vertical velocities must continue to accelerate rapidly f@ a long 
distance beyond the ice crystel level. 

Ice crystals and sub-cooled water exist together for some distance 
beyond the ice crystal level. The extent of this region is not known. The 
state is an unstable one. If a sub-cooled droplet strikes an ice crystal it 
eat once solidifies, but at the same time imprisons a little air. ‘The ice 
erystsal increases in size and will begin tofeall if the velocity of the ascending 
air is not too great. As it fells through the sub-cooled water region it grows 


still more and imprisons more air, arriving at the bottom of the sub-cooled 
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zone ss a ball of soft ice. If the velocity of fall through the sub-cooled zone 
has been great, it arrives at the region where the temperature is just O°C, with 
its own temperature below O°%C-. Consequently, any further falling means thet water 
which is present in e non sub-cooled state at and below the ice crystal level is 
deposited upon it ina uniform layer which quickly freezes into a hard trensparent 
coating with little or no air imprisoned in it. Vertical currents and turbulence 
may be sufficient to carry the hail stone egain into the region of sub-cooled 
water, a layer of soft ice being formed around the previous transperent layer. 
This process mey be repeated until vertical currents can no longer sustain the 
falling heilstones and they reach the groum. 

in the case of soft hail it is apparent thet the vertical velocity at 
the ice crystal level is very little morethan the 6 meters per second required to 
sustain large raindrops and the acceleration decreases rapidly above the ice 
erystal level. The fact that soft hail frequently falls along with some rain 
indicates that vertical velocities at the ice crystal level are fluctuating from 
just above the 8 meters per second requirement to sustain large raindrops to below 
this value or that some melting of the hell is teking place. 

It is well known thet there must be regions of compensating down currents 
whenever we have vertical currents. Airplane pilots have frequently cbserved the 
sudden changes in acceleration and velocity as they pess from one cumulo-nimbus 
cloud to another. The clear space betwem clouds is the region of the strongest 
down currents. The smaller the distance between the cumulo-nimbus clouds, the 


greater the downward current between then. 


Siciht 
(6) Sleet consists of precipitation in the form of ice pellets end is 
formed by the freezing of raindrops or melted snowflekes as they fall through a 
Gold air mass having temperatures well below freezing. It is usually the result 


of frontal overrunning of warm moist air, such as a Tropical Gulf air (asTG.) 
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over an air mass with temperaturss well below freezing at the surface, such as 
a Polar Continental air (asfCo). Tne frontal surface regions at and abors the 
condensation level in such a case present the worst conditions for icing of 


aircraft. 


USE OF ADIABATIC CRART FOR DETERMINING INSTABILITY PHENOMENA. 


From consideration of soundings taken previous to the oecurrence of various 
instability phenomena it appears that useful distinctions cm be made between 
the requirements for cumulus cloud a showers, thunderstorm with rain, 
thunderstorm with soft hail, and thunderstorm with herd hail. Types one situation 
represents conditions for the formation of cumulus but no precipitation. Here a 
small positive area exists causing convection, but a sufficiently lerge negative 
area above this insures that the clouds cannot extend to the ice crystal level. 

Type two represents conditions favoring the formation of cumulo-nimbus 
showers. The ascent curve in this case as in all the cases represents the actual 
ascent curve corrected for probable lift, for effects of divergence or convergence 
and altered according to expected variations in specific humidity, as due to an 
expected water trajectory before the air of the sounding reaches the forecast 
region. 

In type two, the ice crystal level lies within the positive area and sufficimt 
positive area lies below it to allow vertical velocity less than the & veters per 
second necessary to support lerge raindrops. No lightening occurs since the 
velocity at the ice erystal level is insufficient to break up raindrops and to 
establish by so doing differences in potential which are large enough to cause 
lightening. No hail occurs since the vertical velocity emnot sustain even ralin- 
drops» 

In type three, a thunderstorm with precipitation as.rain would occur. Here 


the ice crystal level lies within the positive area in such a way thats fairly 
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lerge part of the positive aren lies below the ice erystal level end a relatively 
small part lies above the ice erystal level, the acceleration of the rising particle 
changing to negative a relatively short distance above it. 

Sufficient turbulence and vertical velocity in excess of 8 meters per second 
exist et the ice crystal level to split raindrops in sufficient quentity to cause 
lightening but vertical velocitiss are insufficient to cause the formation of hail 
in any form. 

Type four is similer to type three except that vertical velocities much greater 
than § meters per second exist and the accelernation remains positive up to higher 
levels. In this case a thunderstorm would occur accompanying the fell of soft 
hail or soft hail and rain. 

In type five a thunderstorm would occur with the precipitation in the form of 
hard hail, the size of the hail stones depending on the magnitude of the vertical 
velocities reached beyond the ice crystal level, the vertical velocities at the 
ice crystal level being very much greater than 8 meters per second. 

A consideration of the adiabatic chart shows that the longest positive sreas 
are formed when the temperature lapse rate is very large, approaching the dry 
ediabatic from within the lowest two kilometers extending upward without inversions, 
end if lower parts of this region of steep lapse rate are very moist so thet they 
will stert following the moist adiabatic after only s very short lift. 

These conditions exist in case cf sufficient lifting of very warm end moist 
Tropical Gulf air in the lower two kilometers overrun by very dry air, such as an 
old Poler sir which hes been subject to a great deal of subsidence. 

All the conditions can be covered by simply stating that a large positive 
erea is formed and the indicated energy is realized if the lapse rate of equivalent 
potential temperature is excessive at low levels, and if sufficient lifting is 
available to saturate the lower part of the region characterized by negative de,- 
Severe thunderstorms occurred in Missouri on 29 April, 1937, when the lifted a 
air showed that the kilometer just abeve 1160 meters had a lapse rate of equivalent 
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potential temperature of e7°c per Kilometer. A lift of only 800 meters was 
required to saturate the 1160 meter level and this lifting was easily accomplished 
by the air being squeezed between an advancing cold front and a retrograde warm 
front. Hail stones two inches in diameter fell at Columbia, Missouri. 

As previously stated for a thunderstorm to occur the condensation level must 
be below the ice crystal level and the ice crystal level must have sufficient 
positive area below it to insure vertical velocities sufficient to violently dis- 
rupt raindrops and to thus establish sufficient differences of potential. 

In considering the positive areas on adiabatic charts representing the energy 
available due to temperature differences, level for level, between the ascent curve 
as corrected for probable lift, for probable effects of divergence or convergence, 
and for probable addition of moisture to the lower levels, it soon becomes apparent 
that a reletively small positive area at lower levels is as effective as a relatively 
larger positive area at higher levels. The reason for this becomes apparent when 
we consider the equation for acceleration due to differences in density. 

7 A- ar 
But P2,-RT 


The air layers of particles being considered are assumed to be at about the 
same Pressure since they are in the same vicinity and at the same level, therefore, 


P is considered constant. 


Substitutine: A. - gem = 7) ola U = 
R ; = K bs 3 
ce 


A at some other level% - Ag = 2A_(iah 
A 


ta 
comparing An with A. for a 1° temperature difference at each level, le, using 


-_ a 


Ei Se and neglecting the very small error introduced due to failing to use 
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a gas constant & in each case which depends on the water vapor content, ie, 


considering the R's as equal for all levels under considerstion then: 


An (Ph x (Tale 
ae Oh), (Tab 


This resultsin a comparison of the acceleration resulting et om level per 
degree difference in temperature between the rising air leyer or particle and its 
surroundings with the acceleration resulting from the same difference in temperature 


at any other level. 
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if P>9Jooms ant-H- 4S Ome ant i), = 293 rndl(ape 255 (the 


5 


lapse rete being assumed to be ebout half way between the dry end the moist 


adiabatic) then isons apf, SIF 57 4. ae. oe 
9020 2353 
200 mE 


ie R = Joomé, + =FO00mb 9 Gap, = aq3 “Gd = 2G 5. 2 


Phen peers = 884 1027 =.9/4 





It is sean thet the chenge in acceleration with elevation for a 1° difference 
between the tempersture of rising Inyers @ mrticles and the temperature of the 
surrounding air (es sharn by the eorreeted escent curve) is lergely due to the 
change in pressure, the effect due to the decrease in tempereturse with elevrtion 
being to temi to increase the accsleration produced as elevetion is increesed. 

it would be highly desireble to devise a renpid and fairly accurete neans of 
Gsternining the verticel velocities whieh would result at different levels in case 
the energy indicated by ae positive eres is mde evalleable. Such determinstion of 
the vertice] velocity is not now possible, but conclusions cen be drawn from the 


size and vertical extent of the positive ares. 


In view of tho fact that very little data is evallable ehich is 
suitebie for use as a basis for investigation of the causes of meny of the morpho- 
logical types of precipitation and since up to now no one hes entirely expie ined 
even the formation of raindreps and snowflekes, it seems advisable to investigste 
the vericue frontal ané air mass conditions with whieh precipitation is associated 
noting any facts which become apparent regerding, the factors effecting different 
morphological types of precipitation. 
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THE EFFECT OF MOUNTAIN RANGES ON STABIE AND UNSTABLE ATR MA SoBS _ 
(Extracts from a paper by Dr. Irving P. Krick, are included herein.) 


Particles in a stablo air mass resist vertical motion and nenee tend to 
resist passage over a mountain. If there is a horizontal outlet avallabk around 
the mountain then the stable air mass will flow around rather then over the 
mountein. However, if no horizontal outlet is avallable, the gradient must be 
such that sufficient energy 1s available toaccomplish the work required in 
raising the air to the top of the mountain before a flow over the mountain will 
result. Normally, the stable air simply curves around th obstacie, entirely 
evététnc any vertical displacement. But if a long mountain range stands in the 
way, then a damming up of the air flow results. This is shown on the synoptic 
maps by high pressure on the windwerd siie of the ranges and low pressure on the 
leeward side- Wo wind velocities over the ranges occur, however, which are 
eomperable to that which the existing pressure gradient would normally indicate. 
In this case, the mountaln ranges prevent the realization of the potential energy 
of the air masses by preventing their contact at lower levels. The pressure 
gradient merely Indicates, in this case, thet the air masses on th two sides of 
the mounteins are of different weight. 

In unstable air, however, the upwerd impetus which it is given on reaching 
the mountains is retained and acceleration continues, the unstabkb air flowing 
readily over the mountain ranges. This effect ms been photographed with movie 
eamera and when shayn with the sequences speeded up greatly, billows of clouds 
seem to pour over mountain tops giving the appearance of water flowing over «® dam. 

If flowing against an extensive mountain range, 21] the air gan not escaps 
laterally; some air must ascend, even in the case of stable eair masses. if the 
ascent is sufficient, then the condensation level is reached and cloudiness 


occurs - the typs depending on whether or not the air mass is stable:- stratiform 
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clouds in case of stable air mass; cumulo form clouds in case of unstable air 

masse if lifting is continued orographical precipitation occurs. The orographical 
precipitation will be of a fairly steady type 1f resuiting from a stable air mass, 
as in the case of stable tropical pacific or tropical maritime sir being forced 
aloft. 

In ease cf an unstable eir mass, suches fresh Foler Pacific, sna or rain 
showers occure The rainfall in this case is wually much heavier than in the 
Stable casee In the stable case the air resists vertical displeeement end curves 
around the mounteins as best it can while in the unstable case the alr does not 
resist the vertical movements initiated by the mountains, and hence is better able 
to produce precipitation. The showers occurring at sea are retarded by the passege 
of the air mass inland, hence the distances between shewers moving inlmd is 
decreesed end a piling up against the mountains results. | 

The convergence of air passing around a mountain corner has been found to 
result ina sort of light orogrehical precipitetion. Basterly currents passing 
around the southern extremity of the Scandinavian ranges frequently give rise to 
strong local gales accompanied by light rain cr snow fall entirely independent of 
any frontal cause. 

A good example of orographical precipitation in unstable air passing over high 
mountains is found in the India Monsoon during the summer months. This air which 
blows in off the Indian Ocean is very warm and moist, and is convectively unstable. 
Upon passage inland it is heated from the ground and becomes even more unstable. 
When it reaches the Himalaya Mountains it is forced to ascend and heevy instability 
type precipitation results. Due to its extreme initial convective instability it 
requires only a small lift (or cooling) to relieve it d@ lerge quantitics of 
moisture. It must continue to climb so high in surmounting these mountsins that 
by the time it reaches the plateaus cf Tibet it is too dry to give any more 


precipitaticn. 
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Combined orographical precipitation and cold front preciplitetion, 


after J. 5Sjerknes 
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ie frequently obsérve a similar phenomenon in the case d Poler Pacific air 
losing most of its moisture in its travel over Washington, Oregon, Idaho and 
Montana so thet very little moisture remains when it has crossed the Koekies. 
However in cases when fresh Poler Continental air lies east of the Rockies (winter), 
then the Polar Pacific atts as a warm mass over the Polar Continental air and a 
blizzard condition resuits. After tha air of Folar Pacific origin has stagnated 
over North Central U. S. for a day or two when it may form a cold wedge under a 
Tropical Gulf air mass, and warm front precipitation as rain or snow over the 


Northern Mississippi Valley States can result. 


MOUNTAINS ON APPROACHING FRONTS. 





The accompanying sketches (Figure 1) illustrate the effects of the approach 
of cold fronts makings various angles with the face of a mountain. In cases (a) 
and (b) the fairly large pattern od! pre-frontal precipitation is formed due to 
the component of the current in advance of the cold front which i narmel to the 
mountain contours. In case (c) the flow is toward the narrow edge of the mountain 
and divergence results so that the only pre-frontal rain farmed will be in a small 
area at the edge of the mountain and this precipitation merges with the cold front 
precipitation. 

The effect of a mountain ridge on a warm front is illustrated by the 
accompenying sketches (Figure 2). A typleal warm front whose slops is greatly 
exaggerated is shown approaching a mountain ridge- The mountain tends to regard 
the advance of the warm front. The lower stream lines in the air under the front 
being deflected upward by the mountain. When the frontal surface reaches tne 
mountein ridge cold air is trapped against the ridge and only the upper portion 
of the warm front can get over the top of the ridge- The clouds dissipate in the 
downward current on the leeward side of the ridge and precipitation is confined to 
the windward side. Some distance beyond the ridge the upvard currents are resumed 


end the frontal surface reforms with its characteristic cloud system and precipitation. 
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In some cases the cold wedge trapped on the windwerd side of the ridge Is 
maintained with its clouds and precipitation for an abnormal ly long tim and an 
excessive quantity of rainfall occurs. This was the situation causing the flood 
conditions in the Los Angeles region in January, 1935. A warm front with an open 
warm sector approached the coast and rain persisted on the west slopes d’ ths 
coasted ranges until the warm sector was finally oceluded by the arrival of a 
cold front and since the air behind the cold front was colder than the trapped 
wedge of cold air it replaced the cold wedge and stopped the precipitetion. 

Another effect of mountein ranges on approaching weve which is found 
occasional ly at the southern end of the Allegheny Mountains is illustreted in 
the accompanying sketch (Figure 3). It illustretes the formation of a secondary 
eyelone by the bending of the southern pert of the warm from to the no thward 
around the mountain by the werm sector current. The northern part of the wave 
occludes against the mountain side and stagnates there while the southern part 
of the cold front together with the southern part of the wermfront surface 
which can move freely around the end of the range form an open wave which moves 
off as a secondary system. 

PRE-CO RONY OR ICAE, PRECIPITATION. 

The epproach of a cold front to regions presenting orographical obstacles 
to the flow causes a change in wind direction and generelly an increase in wind 
velo¢ity. These changes are usually sufficient to change theweather completely 
even for a long distance ahead of the cold front. An exem ple of this 48 the 
approach of a cold front to the Culifarnia coast. This approach in many cases 
causes an onshore flow of maritime which has a component normal to the mountain 
slopes which causes the air to be forced up the mountain slopes. if this warm 
marit ime we mee is feirly stable then fog or stratus clouds formand drizzle 
or light orographical precipitation may result. If the warm meritime air mess is 


fairly fresn Tropical Pacific alr then instability showers or even tnunderstorus 
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may result. Another example of pre-frontal orographical precipitation is that 
due to flow induced up the slopes of the Allegheny Mountains by the approach of 

a cold front from the west. The morning map for 26 Oetooer, 1957, shavn on the 
foliowing page illustrates this effect. In this case the warm air beim forced 
aloft is fairly stable and only light, steady, orographical precipitetion results. 
The precipitation is in the form of rain since temperatures are well above SOF . 
in the warm air. The increase in the gradient of pressure caused by the approach 
of the front and the change in wind direction to south westerly aid in forcing 


the warm air up the mountain slopes sufficiently to eause precipitation. 
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Snow Flurrié& Due To Surface Heating. 

The sounding for Detroit for 0400 5 February, 1937, indicates that lifting 
cannot produce a significant positive area. Surface heating, however, can form 
clouds at about 700 meters when the surfece temperature reaches about 28°F. A 
very small positive area is immediately formed which is topped by a very krge 
negetive area at about 1800 meters. If the surface tanperature reaches abcut 
3)°F. the size of the positive area begins to be significant and light snow 
flurries could be experienced. Since the amount of surface heating likely to be 
experienced will voroduce only oa relatively small positive area compared to the 
large negative area formed above it, cloud tops should remain comparatively low. 
The specific humidities sre low and the vel ucities likely to occur (indicated by 
the size of the positive area) are comparatively small, the turbulence will be 
only light to moderate within the clouds, also the synoptic situation is changing 
so that the flow across the lakes and into the United States will not continue 
for long, therefore, precipitation shouH be as light snow flurriéés to the south- 
east of the lakes during the day, the amount of precipitation being small. 

No precipitation occurred at Detroit but seattered light snow flurried 
occurred over a large region to leeward of the lakes where temperatures reached 
were higher, the precipitation amounting to only a few hundredths of en inch. 

Divergence is occurring at Detroit and along the periphery of the high 
pressure area. The tendency et Detroit is t. 06. Divergence would tmd to re- 
quire that the surface temperature be higher than otherwise before a significant 


positive area could be formed. 
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Warm Front Preeinpitation --- Rain --- 


The werthar map for 9 Fabruary, 1937, shows Murfreesboro, Tenne, on the 
outer fringes of the effects of over-running of TG, alr over a weve on a front 
to the ast. 

Tne 0400 sounding for 9 Pebruery, 1957, for Murfreesbero, Tenn-, shows thet 
up to the limit of the sounding, le, up to 3090 meters no positive areas exists 
end thet if the cold sir under the front is lifted 350 meters by orographica} 
Seens then a sini] positive area is formed which contains the ice crystal level. 
kbove this positive arer en extra lerge negzntive arec would be formed thus insuring 
thet only licht rain or snow or both could occur. 

The sounding does not extend high encush to obtain any idee abcut the 
structure of the air over-rinning the warm front of the weve excerpt that the 
positive lapse rate of evuivalent potential temperature indiceted for the uprer 
layer indicstes that thet lsyer is stable. 

At the time of the sounding an elto-~stratus overcast wes present. Ica, 
snow, light reln end mist were indicated for layers respectively as follows, 
above 3990 to 3600 meters, 2220 to 1800 meters, 1806 to 10080 meters and 1080 to 
700 meters, but n® precipitation is reaching the ground et the time of the sound- 
ing. This is due to aveporation of the precipitation befors reeching the ground. 

Shortly after the sounding wes mede ea light end fairly stescy rain cecurred 


at Murfreesboro. 
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Thundershowers Caused Dy Surface Heating. 

The synoptic situation for the merning of 26 Kay, 1957, shows that a cold 
front has passed Sen Diego durin, the night. Poler Pacific air with abmt ea 
six day ocean trajectory ia flowing along the coast from a north direction. 
Seattered showers are occurring slong the Southern Cel ifornia Coast and in the 
Coastal mountain ranges. 

fn 0900 Sen Diego sounding reports 9 strato-cumulus from 1040 to 1580 meters, 
9 alto cumulus from 2160to 265bmeters . 

It can be assumed that a column of eir forced to rise from the surface will 
retain its value of specific humidity. We, therefore, use this value end sre 
further justified in so doing by the fect thet there is no surface inversion. 

It is seen that reletive humidities are very high throughout the sounding 
and that lifts of about 100 meters will saturete the lower 3 kllometers end 
about ea 400 moter lift will saturate the air to the height of the sounding and 
probably beyond. 

Specific humidities are fairly high throughout the soundings. 

Lifting of less than 100 meters will produce only e very small positive ares 
from 1880 meters to about 3200 meters. This positive eres is ao small that it 
could have been produced by minor errors in computings the sounding end is eon- 
sidered insignificant. 

An increase in the surface temperature to 70° F will produce the positive 
area shown which extends from 1200 kilometers to the top of the sounding. This 
positive area is of maierate size, extends for 1800 meters below the ice erystal 
level and beyond the limit of the sounding above the ice crystal level. 

If a tempernture of about 70° is reached the conditions eppesr favorable 
for a trunderstorm with precipitation as rain but not quite severe enough for 
hail. 

The maximum temperature reached by Pasadena wes TO°F and a shewer accompanied 


by a little thunder and lightening cecurred in Pasadena at about 1650. 
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Example of thunderstorm due to surfeee heating - precipitetion as rain. 

The 0400 5 May, 1937, sounding at Dayton, Ohio, is taken as representetive 
of the old Poler Pacific air mass occupying the upper Mississippi Velley. This 
sounding shows that if surface heating reaches 70°F then a positive eren is formed 
which extends from about 1-z kilometers upward for over Se* kKilometcrs. A feiriy 
large portion of the positive area lies below the ice erystal level so that 
velocities greater than 8 meters per second would probably be reeched at the ice 
erystal level. The positive area decreases rather repidly above the lew crystal 
level so that although a thunderstorm would be expected when surface temperature 
reached about 70°F the precipitation should be as rain and not as any form of nail. 

Seattered convective thunderstcrms occurred in the Uppsr Mississipp1 where 


surface temperatures exceeded about 70°F. 
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Shower type precipitation due to orographical lifting. 

The morning mop fer 25 February, 1937, showe seattered shower type pre- 
cipitation occurring in the fairly fresh Foler Pacific air flowing over Northern 
Califa nia and part cd Southern California. The precipitation is in the form of 
light rain st Oskiand, in rain showers eat stations d m@erete elevation to the 
South, changing to snow showers in the mountains and in the vieinity of then. 

The sounding for Oakland shows light rain at Oakisnd extending from 1460 
meters to the surface. The surface point is not yet saturated since the rain 
has just sterted. All points from 470 meters up are saturated. The adiabatic 
chart shows that if the eir at OekRnd is iifted 200 meters to saturate the 
surface point then e small positive area is formed which extends slightly beyond 
the ice erystel leval. Above the small positive erea lies a Aree megnative arec 
starting at sbout 1100 meters. ‘ihe lifted curve with the positive and negrtive 
ereas closely resembles the typical setup for shower type rein, but no thunder- 
storm. 

&An increase of surface temperature of 74°F will produce a slightly larger 
positive sree thsn in ease of the essumed lift of 200 meters. The micrers which: 


occurred were probably lergely due to surface heating. 
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Isolated Thunderstoram. 

From 1500 to 1600 on 11 Merch, 1937, a mild thunderstorm with .09 inch 
precipitation as rain occurred at San Antonio, Texas. No other thunderstorms 
were reported within about 300 miles and no front came closer than 200 miles. 

The maximum temperature reached at San Antonio was 68°F. 

The morning weather map shows that an old Polar Pecific air mass approaching 
the properties of Tropical Gulf air lies over the Central and Eastern part of 
Texas» A 29.80 low is located Southeast of Amarillo and ea slow moving cold front 
lies in West Central Texas. Some convergence is occurring as indicated by the 
-.02 tendency at San Antonio when the normal diurnal tendency is 7.01. 

The sounding shows that the air is Stratified as tc moisture content. From 
1150 to 1172 meters an 8° per kilometer lepse rate of equivalent potential tem- 
perature exists, from 1720 to 2990 metera a 3° per kilometer lapse rate and from 
3860 to 4920 meters a 2° per kilometer lapse rate of equivalent potential ten- 
perature exists. 

The maximum temperature reported by San Antonio for the day was 68°F (20°) 
which would be insufficient to allow the convective condensation level tc be 
reached if the curve remained unaltered during the day. But convergence will 
change the curve grsatiy due to the large lapse rete of spscific humidity fron 
the 1720 to the 2990 meter level. Theeffects of 20 percent convergence are shown 
in the pencil curve to the left of the ascent curve. It is seen that the con- 
vergence assumed would straighten out the ascent curve and enable convection to 
start from the 1150 meter level since a positive area is formed above this level 
by the effect of the convergence- The amount of convergence assumed is probably 
excessive for this case, but any convergence whatever will tend to enable a 


positive area (suffielent to produce a thunderstorm) to be formed more essily. 
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Some of the ways in which sufficient positive area so situated as to cause a 
thunderstorm with precipitation es rein are:- 
1- Action of 20 percent convergence. 
2. No convergence, but surface tempersture of 735°R. 
3. 16% convergence and temperature of 72°F. 
4. No convergence, but a lift of 450 meters will move the 2990 meter point 
dry adiabatically upward enough to clear the moist adiabatic curve along 
which free convection from ths 1150 meter level is proceeding and to thus 
allow a positive area to be formed which will be situated so as to fevor a 
thunderstorm with precipitation as rain. 
5. The value used for the surface specific humidity is 9.0 grams per kilo- 
gram» If this value were actually lerger then the temperature required 
would be less. 
In this ease it is difficult to tell just what caused this isolsted 
thunderstorm, however, it seems probable the combined effects of some convergence, 
and some lifting coupled with a surface temperature near Sen Antonio which was 


somewhat higher then the 68° maximum reported there. 
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Steble precipitation - mist and drizzle - resulting psrtily from convergence 
and pertiy from orographical lifting. 

A misty and light drizzle conmi ition for the Gulf Coast wrt of Texs extending 
inland slightly beycend San Antonio is shown en the morning weather map for 3 February, 
1937, shown after pegeYi. The 0400 sounding is shown on the following page. The 
thirs point from the surface was omitted from the sounding report, tut it ic evident 
that the lapse rnte within the stratus leyer will be practically along the saturated 
gdiabetic so that the third point is known since the top of the stratus wae reported. 
The sounding shows that no precipitation is reaching the surface as yet but light 
mist is felling from 1769 to £10 meters, ie, from the top of the streto-csumilus 
lnyer. The region dbslow 210 meters became saturated from the Taliling mist and the 
mist soon chenged to light drizzle. 

The fectors causing, the stratus end strate-cumilue overcant conditions in 
Seuthenst Texas are: 

(a) The surfece wet by werm front rain on 12 February. 

(b) The air reaching Texes has had some Gulf trajectory. 

(c) An active inflow d& air from over the Quif wes iniueed by a region of 

cyclogenesis in Festern Texas, the Pan Hendle, and Bastern Mer VYexicoe 

(d) Some orograpnical lifting end some convergence esused by the presence 


of «a suall isalloberis lon on 3 Pebrusry. 
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Cold front passage -- lifted warm air remaining steble. 


The sounding for 24 Maren, 1937, (San Diego) is taken in air which is soon 
to be lifted by a cold front. In order to determine the effect d lifting combined 
with the convergenes namally present near the center of a cyclone, curves represent- 
ing the effect of 20% convergence (curve CD) and the effect of 300 meters lift con- 
bined with 20% convergence (curve EF) are drawn. The lapse rate of equivalent 
Potential is negative from the 980 to the 13570 meter level and as soon as this 
layer becomes saturated convection will start along the moist adiabatic. Using 
the curve EF for combined 300 meter lift and 20% convergence a small positive area 
is formed which is almost entirely above the lifting ice crystal level. There is 
a large negative area encountered by the rising particle which will soon eause the 
convection to cease so that no thunderstorm or showery type of precipitation would 
be expected. 

Modsrate pre-frontal and frontel rain of a fairly steady type would be expected 
at San Diego since air containing 6 specific humidity of several zrams will be 
forced up sufficiently to reach the lifting ice crystal level efter saturation has 
been reached- Tne size of the positive area below the lifted ice crystal level is 
negligible, therefore no thunderstorm could occur. This is interesting in view of 
the fact that just two days previous a thunderstorm with soft hail occurrede in 
the meanwhile subsidence has greatly stabilized the air. 


Moderate pre-frontal rain and a fairly steady rain of short duration occurred. 
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Frontal Conditions. 
(db) Warm front or cold front precipitation involving instable air. 
Conditions favoring the fall of sleet are illustrated by the A. M. 
Weather map for 9 January, 1937. In this caseTropical Gulf air with two 
days of land trajectory from its source region (1e, 1G,) with surface 
temperatures from 55° to 20° generally is overrunning Poler Continental 
air with two days land trajectory (ie, PC,,) which has surface temperatures 
of from 10° to 20°F under the region marking about the limit of the TGo 
over-running. The anticyclonic circulation in the TGo air and the 


orientation of the front nearly along the stream lines limit the TG. over- 


running to a rather short distance from the front. 

Tne sounding for Murfreesboro, Tenn., shows that the condensation 
level lies below the ice crystal level. For the assumed small lift of 
550 meters the corrected ascent curve shows a small positive area below 
the ice crystal level and a moderate size positive area extending from 
the ice crystal level to the top of the sounding. Precipitation should 
form es rain and no thunderstorm should occur but conditions approach those 
necessary for a mild thunderstorm. fThe rain must fall through a cold M. 
layer having temperatures 10° to 20° below freezing, and must freeze and 
reach the ground as sleet. The instability of the TG air caused the 
precipitation to be intermittent. Scattered sleet and in some imtances 
glazing or freezing of rain after reaching the ground occurred over several 


states. 
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EXAMPLES OF WARM FRONT THUNDERSTORMS AND COLD PRONT THURDEROTUF ES 
The weather map for 29 April, 1937, shows thunderstorms occurring el ong a 
werm front extending SSW from a center near Oklahoma City. The = a, 
for Shreveport, la., shows TG alr having almost a dry adiabatie lepse rate above 
two kilometers occupying the warm sector. A lift of 800 meters is required to 
saturate and release the potential instability of a lsyer of 1200 meters. The 


lifting ice crystal level is situated so that there is a fairly large pa itive 





area below it--enough to probably insure a vertical velocity 8 meters per second 

at the ice crystal level and a large positive area above the ice crystal level 

keeps the acceleration and the velocity increasing rapidly up to high levels. | 
This is ae case similar to type five of the classifications of 1m tability el" 
and calls f@ violent thunderstorms with hard hail since the approach of over- 

running of this T, air over the warm front and the approach df a cold front from 

the fest should certainly lift the air the required 800 meters. 

Thunderstorms continued along the warm front but due to the repid SE movement 
of a high pressure wedge over NE United States all except a small portion of the 
warm front near the center became a cold front so that TG, sir in the warm sector . 
in Nissourl was squeezed by the anproech of a cold front from the west and tre 
retrograde warm front in the east. Violent thunderstorms occurred over most of 


Missouri and hail stcnes two inehes in diameter fell at Columbia, VYissuri, 


during the afternoon. Several Tornedoes also occurred in Missouri during the day. 
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Cold Front - Lifted Air Becoming Unstable. 
- Showery Type Precipitation. 
- Rain 
The synoptic situation shows a cold front approaching Shreeveport, La. The 
0400 13 March, 1937, sounding for Shreeveport shows an ascent curve with several 
thin potentially unstable leyers (de, 0). The ascent curve lifted 350 
meters shows a small positive a ee below the ice crystal level 
to the 4200 meter level which seems to be of the type favoring showers but no 
thunderstorm since the positive area below the ice crystal level is very small. 
Light intermittent showery type rain occurred during the early afternoon 
with moderate turbulence just before the frontal passage- No thunderstorm 
occurred at Shreeveport although seattered thunderstarm occurred in North Central 
Texas- No soundings are available for Texas but it is believed that the air 
reaching Texas had more of a Gulf trajectory than the air reaching Shreeveport 


and hence had a steeper lapse rate which would make it more unstable. 
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The sounding for San Diego for 22 Herch, 1957, teken at 1800, Just 3: hows 


after a thunderstorm with soft hail md occurred at Pesndem shows the following: - 





le The lepse rate of the lifted curve is greater than the moist adinbetic 
uc to Se3 kilometer and is preeticelly along the moist adiabatic beyond 33 
kilometer. The unlifted ascent curve shows by a regetive velue of dee « 7° 
per Kilometer for the surface leyer and by the small lift —_-, - 
seturate the surface point thet it is potentially unsteble end should develop 
e lerge positive area. 

Ze kh Jarge positive saree is formed between the lifted escent curve and 
the moist adiabstic along which the first point to become saturated (the 
lowest) rises if about a 300 meter lift is provided. 

S- Gufficient positive eres is avallable below the Lifting ice crystel 
level to probably insure a velocity somewhat greeter then § meters per 
second at the level. 

4- <A lerse positive area extends for severr! kilometers beyond tre ice 
erystel level. 

5. Due to the above factors « thunderstorm with some form d& heil wzould 
be expected. Comparing this sanding #it:: the sounding for Shi sverert, la. 
for 28 April, 1937, which indiceted severe hail storms for Misscuri and 
resulted in halistones two inches in dliemeter, we see thet the positive aren 
and hence the acceleration of the rising layer is still increasing at a 
rapid rate in Shre veport sounding. in the Sen Piego sounding, horever, the 
positive erea seems to be decreasing. This leeds to the belief tint tre size 
and vertical extent of the vositive ares above the ice crystel level ere the 


fectors which determine the tyre of hail storm which will result. 
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Example of thunderstorm with precipitation as heavy rain caused by cold 
front approach and passage. 

The sounding for Coco Solo, Canal cone for 15 November, 1936, shows high 
relative humidities for the entire ascent. There are potentially insteble layers 
from 390 to 1700 meters and from 3070 to 3820 meters. 

Tne action of 20% convergence alone would be sufficient to initiate free 
convection from the 1060 meter level and to form a positive area extending 
upward for the entire height of the sounding and containing the ice crystal level 
near the top. 

The action of 10% convergence would require in addition only a 2CO meter 
lift to mp oduce free convection and a positive area as lerge as in case of 20% 
convergence. 

A lift of 350 meters alone would also establish a positive area of nearly 
the same size and position. 

Since both lifting and convergence will be present with the approach and 
passege of the cold front it would appear thet the potential instability could 
be realized. Orographical lifting could even set off this thunderstorm for 
neighboring regions. In this case, however, since the air flow is from the North- 
east, ie, from the ocean it seems probable that the orograrphical lift could not 
be obtained in the immediate vicinity of Coco Solo. 


A severe thunderstorm with excessive lightening and with 5-15 inches of rain 


\ 
\ 


occurred at about the time of the passage of e cold front. 
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OCCLUSIONS 

In considering occluding systems it is important to know whether the 
occlusion will be of the warm or of the cold front type. In the cold front type 
occlusion the approaching air behind the eld front is colder then either the 
air in the warm sector or the air under the warm front surface so that the cold 
front displaces the warm sector air foreling it aloft, le, occluding it, and the 
cold front continues as a surface cold front displacing the air which was under 
the warm front. 

In the case of the warm front type occlusion the approaching cold air behind 
the cold front hes not a density as great as thet o@ the air under the warm front 
so it can not displace this air at the surface and can only displace the warm 
sector air, then mova aloft as an upper cold front. 

Quite often otherwise unexplainable clouds and rain pettern may be atbributed 
to the action elong an upper cold front. It is of interest therefore to be able 
to detect upper cold fronts. Holzman has published a paper on this subject in the 
Monthly Weather Review, December, 1936. The following interesting situation is 
along the general lines of this article. Since an upper cold front owes its origin 
to a warm front (1e, upper cold front) occlusion, and since upper cold fronts may 
be located much more readil if previous synoptic situations have indicated the 
future presence of one, the ideal method of approach is to determine before hand 
whether an occluding system will be of the warm @ of the cold front type. 

If the temperature contrast is large between the approaching cold front of 
the wave and the cold adr under the warm front of the wave then it is possibile to 
tell by inspection which type of occlusion will result, but when the contrast is 
small then the densities of the two air masses must be compsred.- 

At present, soundings from ships at sea in the approaching alr mass are seldom 


avallable, in the following example it was necessary to use the soundings at Oakland, 
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California, on two successive days when Oakland was in the two cold air masses 

whese densities 1t was desirable to compare. As pointed out by Holzman (7) the 

Valve P of an air mass being proportional to density may be compared with P at 

the 4-4 ele vation in another air mass and by so doing 46 comparison of ons msiilist 

of the two air masses is obtained. In the case of a cold front passage extending 

to the surface the - or K(density) versus altitude curve for th: cold air mass will 

indicate greater dives of density at all levels than a similar curve fa@ the warm 
(7) (B. Holzman - Monthly Weather Review 

air. Vol. 64 - December, 1936, Pages 400 - 414.) 

Sinee cold fronts usual ly pass Oakiand before reaching Southern California a 
comparison of the density curves for Oakland after a cold front passage with San 
Diego, will determine whether the cold front wil] pass the Los Angeles region as 
a surface front or as an upper cold front. In cases where a stratus overcast and 
@rizzle condition exists in the Los Angeles region it may be very useful to deter- 
mine whether or not an apmoaching cold front will have dense enough air behind 
it at the surface to displace the air characterized by overcast and drizzle. In 
case of an upper cold front passege some precipitation of a heavier type may occur 
but overcast and drizzle continues until either an offsha@e gradient of mwessure 
develops or a displacement of the air present by a denser air mass occurs. 

In case of a warm front passage the P or K (density) curve for the warm air 
will indicate at all levels less density oe a similar curve for the cold air 
under the warm front. 

In case of a cold front type occlusion the P vs altitude curve for the air 
behind the cold front will indicate greater pam at all levels then a similar 
curve for the cold air under the warm front and the cold front will move along 
the surface and not be forced aloft. 

In ease of a warm front type occlusion the P vs altitude curves will cross 
if the sounding in the air under the warmf ront ad high enough to penetrate the 
werm front. This will shor that the approaching cold air is less dense than the 


cok air, under the warm front but that it is moredense than the warm a ir end will 


therefore climb along the werm front surface as an upper cold front. This idea 
-%B= 


may be cerried further. If P ¥s altitude curves plotted for two successive days 
at the seme or neerby we. cross shoring more dense air at uprr levels than 
the alr at upper levels than this is evidence of the passage of an upper cold 
front. 

The morning weather mep for ] February, 1957, shows an occlusion just off the 
Washington, Oregon and Northern Califa nia Coast with one PF alr approaching while 
Cold RPC aix would net be as cold es the KPC air and therefore a warm front type 
occlusion would occur. There is some evidence of en upper cold front in Washington 
end Oregon, chiefly the slight differentinl in pressure at the surface is a means 
of locating the surface projection of the upper cold front. 

Tne f va altitude curves for Onkiand, California, for 1 February and fa 
z ——. (figure) show the characteristic crossing indicetive of the passage 
of an upper cold front. 

This crossing of the curves at approximately 18CO meters indicates the 
approximete level of the upper cold front. “Since this level is above tr eleva- 
tion of most of the mountain pisteau the upper cold front becomes a surface cold 
front over ths mountains. The density curves for Selt lake City, Utah, for 2 and 
© February, 1957, show censer air et the surface extending uv to about five kilo- 
meters. Above this level the curve for 3 February shows the sir to be less dense- 
This simply shows thet et this level the sounding hes encountered warmer end lese 
dense elir over-running from the fest. A comperisen of the density curve for 
Oaklend for 2 February in the air under the upper cold front with the density 
curve for Selt Leke City for 2 February in ,RPP, alr (Stgese— ) shows the Oaklend 
air to be denser level for level] than the Selt Inke City air. Therefore a surface 
frontal passage will ocecur. 

Precipitetion has occurred in the form of mcederate rain at Oakland and moderate 
te light snow fell in the mountsins to the Sast, the precipitation being heaviest 


in the vicinity of the upper front. 


o3Ge 


A little precipitation occurred as light snow in the mounteins Best of Salt 
lnke City. Cheyemne experienced no precipitation due largely to the effects of 
subsidence in this region. Hest of Cneyeme the frontal system was regenerated 
semewnat . 

On 3 february, Bast of the mountains, a colc front was foreed Southward by 
the bulidup of a wedge of high pessurs.e 2% the upper air cross section sketch 
fer 3 February this shows up 98 ae wadge of PC air at the grcund » 


Moderate praeipitation in the form of snow occurred in the Vicinity of Omaha. 
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East of the mountains the front egein becomes an upper cold fronte The 
density curves for Murfreesboro, Vae for 3 end 4 Pebruary, 1957, croes in the 
ehmracteristic manner showing the surfece air to be less dense on 4 February 
then on 3 Pebruary while ebove 1600 meters the air present on 4 Pebruery is denser 
then that above this level on the previa dey. 

The upper front becomes very diffuse near Shr@eveport, Ia-e but even there 
the same cheracteristic crossing of the density curves for before and efter the 
peszage of ean upper cold front occurs. In this case, however, the two curves 
lie practically siong eech other from 1200 meters to 3300 meters shoving 
practically no difference in density detween these levels. 

In the foregeing sxmmples soundings before ar¢ cfter the passage of an upper 
colc front were used to show thet ean upper cold front hed pmssede To be thoroughly 
useful this method would require slmply es copperison of L va eltitude curves pre- 
peared from soundings anywhere within the eir maes behini "the eold from which is 
eceluding the warm sector of a cyclone and from eny where at low levels in the 
eold sir under the warm front. Sime most cyclones ceclude toa great extent | 
before errival at the Pecific Coast it would be highly desirable in certsin esses 
to heave soundings frem ships in the approaching cold mass. 

The most complex cloud systems thrt eaccomreny warm front type oeelusions cccur 
during winter. In the Initial stage a belt of alto-cumulus or sito-stratus esy 
be noticed in advence of the surface shift, end the uprer front may likewlze be 
present; but as the cold wedges proveeds aloft thers is a sudden thickening of the 
alte-stratus, end within one or two hours without eny evidence ehmtsoever from 
Zesteard - lying stations a mederate snow condition mey develor. A strate-cumilus 
layer generelly will form benesth the lowering end thickening alto~atratus; end 
as precipitation continues, s ics stratus deck eventuelly develops within the 


surfece cold air masa, limiting ceilings to 500 - 1500 feet. 
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On the surfeee map the indications of the upper cold front ere: 

(ij) A slight pressure trough which mey not be noticeable unless the front 

is at comparatively low levels. 

{c) Opposing surface winds in high level regions where the upper front is 
¢lose to or on the ground. 

(3) 5 zone of alto-cumulus or alto-stratus 100 to 500 miles in advance of 
the surface front my leed one to suspect the presence cf an upper cold front 
but this can not be taken as conclusive. Usually a zens of alto-cumlus with 
little or no precipitation will merk the advance of an upper cold front in 
Spring end Autumn. .n Summer a series of high level thunderstorm msy serve 


to locate theregion in which en upper front lies. 


C ISL 

Purther study of the factors governing varicus types of precipitation 
would ba greatly assisted by extensive use of the radio meteorograpn since 
alirereft are unable to reach the levels eat which meny of the instability 
types of precipitation arse formed. 

Certain typical situations have been deseribed which seem to be fairly 
well defined. There are many others, however, where a degree change in 
tempereture om e gram per kilogrem change in specific humidity at a eritical 
level mey meen the difference between precipitation or no precipitetion, 
betreen & thunderstorm of one type and another, or the difference bstween 
precipitetion as rain or as Snowe 

it is seen thet a small error in the computation of or in the plotting 
up of a sounding may ceuse misleading conclusions te be made. A sounding 
my aven be of negative value unless one considers the prebeble chenges in 
the structure of the air due to expected orogrephical effects, convergence, 
divergence, frontal lifting, trajectcry of the air, etc. 

In certein cases it would be hishly desirable to have a series of 
soundines made before, during, and after the formation d@ various types of 


precipitetion in order to follow the steps in the formation of precipitation. 
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